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Outline

The case of NGC1097: variation of broad
double-peaked Ha profile (20 yrs!)

Accretion disk as origin of the double-peaked
profile

Reverberation in the accretion disk of
NGC1097

Reverberation mapping of AGN in general
Application to Cosmology
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The case of NGC1097
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Storchi-Bergmann et al. 1993
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F1G. 1.—Observed nuclear high-dispersion spectrum (top), adopted stellar
population spectrum (middle), and the difference observed spectrum minus
stellar population (bottom). Two pixels along the slit were binned together,
giving an effective aperture of 2" x 1?8 (167 x 150 pc).

Discovery of broad (10,000km/s), double-peaked
Ha profile from the LINER nucleus of NGC 1097
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Interpretation: emission from accretion disk, or
ring (known for cataclismic variables)




Storchi-Bergmann et al. 2003
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Storchi-Bergmann et al. 2003
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Storchi-Bergmann et al. 2003
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Schimoia et al. 2012, ApJ
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Schimoia et al. 2012
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Schimoia et al. 2012

Models of one-armed spiral as in SB2003,
with “broken” emissivity law:
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Schimoia et al. 2012
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Schimoia et al. 2012

Further results:

Rotation period of the spiral: 17.5+1 | |
months toocol §+
® ¢

Inverse correlation between velocity re ﬁ
difference of the peaks and integrated %0
line flux:
8000 - _‘_

-response to ionizing flux coming from
the inner regions (reverberation):

V, — Vg (kms™')

7000 |-

(1) stronger flux ionizes farther away * ¢ +
(lower velocities) and profile is 0000 +
narrower; 50 100 150 200 250

(2) weaker flux reaches regions closer to Firoad (107 €rg cm~*s7)
the source and profile is broader

5/16/12 Thaisa Storchi Bergmann, Science with LSST 13



Nemmen et al. 2007

radio jets |
Comptonization Teg ™ 109k
/ line emission T~10% _
IR ~ ~

X-rays

SED (in particular, X-rays) well described by RIAF (Radiatively Inneficient Accretion
Flow): inner RIAF drives the line emission in the disk;

Next step: reverberation mapping: observations in X-rays, UV and optical
continuum simultaneous to spectroscopy to cross-correlate with variations in the profile

Prediction: ~7 days delay (mean radius of the ring is about 7 light-days) -> independent
measure of the mass of the SMBH
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Reverberation mapping of 3C390.3

Reverberation in a “double-peaker”: ” - L ]
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Use of LSST

5/16/12

LSST light curves in the continuum of sample of
"double-peakers” can be used together with
spectroscopic monitoring (restricted wavelength
range) to allow reverberation mapping

Profile variations are strongest when fluxes are

highest -> LSST observations to spot increase in
continuum flux and trigger spectroscopic follow up

Thaisa Storchi Bergmann, Science with LSST 16



Cosmology with Reverberation Mapping of AGN

Bradley Peterson and collaborators:

Simultaneous observation of the continuum
from nuclear source and broad lines from gas
at a distance r (the so-called Broad Line
Region — BLR):

Radiation flash of a central source at t=0 will
illuminate (ionize) gas at a distance r after a

time delay: - 7,/0

Thus delay is a measure of the distance
of the emitting clouds: Ry
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Reverberation mapping of NGC5548
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Reverberation mapping of NGC5548
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Size vs. Luminosity relation
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Use for Cosmology

: X
Watson et al. 2011: S 1w ?# T
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F1G. 1.— Comparison of AGN-derived distances to Hubble distances based
on the best current cosmology (Komatsu et al.[2011). The dotted line is the
equality of both distances. The AGN distance estimates follow the best cur
rent cosmology Hubble distances to good accuracy
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Use for Cosmology: AGN Hubble diagram
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Use of LSST

5/16/12

LSST light curves of sample of QSOs can be used
together with spectroscopic monitoring to allow
reverberation mapping -> SMBH masses

Profile variations are strongest when fluxes are
highest -> LSST observations to spot increase in
continuum flux and trigger spectroscopic follow up

Delays -> Ry -> D, of QSOs up to z=4
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